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METHOD FOR MAINTENANCE, IN PARTICULAR, REPAIR, OF GAS 

TURBINES^ 

[0001] This application claims the priority of German application 103 19 
019.8, filed April -27, 2003, and PCT International Patent Application No. 
PCT/DE2004/000656, filed March 29, 2004, the disclosure of which is expressly 
incorporated by reference herein. 

BACKGROUND AND SUMMARY OF THE INVENTION 

[0002] The invention relates to a method for maintenance, in particular 
repair, of gas turbines, that is to say aeroengines or stationary gas turbines. 

[0003] The servicing and maintenance, in particular the repair, of gas 
turbines, in particular aeroengines, is becoming a critical factor when 
determining the direct operating costs of an aircraft. For example, approximately 
30% of the direct operating costs of an aircraft can be attributed to the 
aeroengines, with about a third of the operating costs relating to the engines 
being attributed to the maintenance of the aeroengines. The costs for 
maintenance of aeroengines therefore amount to about 10% of the total direct 
operating costs of an aircraft. It follows directly from this that efficient and low- 
cost maintenance, servicing and repair of aeroengines is of critical importance to 
the airlines. A similar situation also applies to stationary gas turbines. 

[0004] Until now, the maintenance and servicing of gas turbines, in particular 
of aeroengines, has been based on the so-called workshop principle. In the so- 
called workshop principle, the gas turbine, in particular the aeroengine, remains, 
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at least in some cases, at one position or at one location. The material, tools and 
personnel required to carry out the work are made available for the gas turbine 
or the aeroengine at times such that as few disturbances as possible occur, and 
such that a promised maintenance time for the gas turbine, in particular the 
aeroengine, can be complied with. 

[0005] The maintenance and servicing of gas turbines, in particular 
aeroengines, based on the so-called workshop principle, has the disadvantage, 
however, that the maintenance process does not follow a defined structure. In 
fact, work is carried out on the gas turbine or on the aeroengine in virtually any 
desired sequence so that disturbances and delays can occur in the maintenance 
of gas turbines or aeroengines, particularly when a number of them are being 
maintained at the same time. Maintenance based on the so-called workshop 
principle accordingly has the disadvantages that, on the one hand, there is no 
clear process structure and that, on the other hand, long times are required for 
maintenance and for servicing. This adversely affects the efficiency for 
maintenance of gas turbines, in particular aeroengines. 

[0006] Against this background, the present invention is based on the problem 
of providing a novel method for maintenance, in particular repair, of gas 
turbines, in particular aeroengines, and of modules. 

[0007] During the maintenance, in particular repair, of gas turbines, in 
particular aeroengines, gas turbines, in particular aeroengines, are 
disassembled. Modules and/or assemblies and/or individual parts of the gas 
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turbines, in particular of the aeroengines, are then inspected and/or repaired. 
Gas turbines, in particular aeroengines, are subsequently assembled from 
inspected and/or repaired and/or new modules and/or assemblies and/or 
individual parts. According to the invention, the repair is subdivided into at least 
two repair steps, with modules and/or assemblies and/or individual parts to be 
repaired of at least one gas turbine being moved through repair stations in order 
to move the modules and/or assemblies and/or individual parts of the or each gas 
turbine to repair stations adapted for this purpose in order to carry out the 
repair steps. 

[0008] The method according to the invention for maintenance, in particular 
repair, of gas turbines, in particular aeroengines, for the first time proposes that 
gas turbines, in particular aeroengines, be repaired on the basis of a so-called 
conveyor belt principle. One fundamental discovery with regard to the present 
invention in this case is accordingly that the conveyor belt principle is also 
suitable for repair work. The invention has overcome the previous prejudice that 
the conveyor belt principle is suitable only for new production of gas turbines, in 
particular aeroengines, but is not suitable for repairing them. This previous 
prejudice from the prior art is justified on the basis that a new article is 
produced from individual parts or raw materials with a defined characteristic 
during new production while, in contrast, an article with an unknown 
characteristic must be disassembled, inspected, repaired and then assembled 
during repair. In contrast to new production, the required work steps are not 
always the same for repairing gas turbines, in particular aeroengines, but are 
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always dependent on the specific condition of the gas turbine or of the aeroengine 
to be repaired. However, the present invention in this case shows that a conveyor 
belt principle can be used successfully for the repair of gas turbines, in particular 
aeroengines, as well. The method according to the invention allows high repair 
efficiency and a short maintenance time. The method according to the invention 
for maintenance, in particular repair, of gas turbines, in particular aeroengines, 
is highly flexible. 

[0009] According to one advantageous development of the invention, the 
modules and/or assemblies and/or individual parts are repaired in different 
repair lines, with a decision being made after inspection of the modules and/or 
assemblies and/or individual parts on the repair line to which a module and/or 
assembly and/or individual part to be repaired will be sent. The decision as to 
which of the repair lines a module and/or an assembly and/or an individual part 
will be passed to is mainly determined by the repair work to be carried out. 

[0010] Two or more repair steps are preferably carried out in succession 
within one repair line, with the modules and/or assemblies and/or individual 
parts being moved on a cycle, that is to say discontinuously, to matched repair 
stations in order to carry out the repair steps. 

[0011] In addition to the repair stations in the repair lines, central repair 
stations are provided, with modules and/or assemblies and/or individual parts 
from different repair lines being passed to the central repair stations. This 
ensures a high degree of process stability, since time-consuming tasks are 
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carried out in central repair stations, and do not adversely affect the schedule 
within the repair lines. 

[0012] According to one advantageous development of the invention, two or 
more identical repair stations are provided for at least some of the repair steps 
within the repair lines, so that it is possible to carry out the same repair steps on 
different modules and/or assemblies and/or individual parts at the same time 
within one repair line. This can shorten the repair line cycle time, and improves 
the efficiency of the method. 

[0013] Other objects, advantages and novel features of the present invention 
will become apparent from the following detailed description of the invention 
when considered in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Figure 1 shows a signal flowchart illustrateing the method according 
to an embodiment of the invention, comprising disassembly of an aeroengine, 
repair of modules and/or assemblies and/or individual parts of the aeroengine, 
and assembly of the aeroengine; 

[0015] Figure 2 shows a more detailed signal flowchart of one block from the 
signal flowchart shown in Figure 1, in order to illustrate the repair of the 
aeroengine; 

[0016] Figure 3 shows a block diagram of one specific repair line; and 
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[0017] Figure 4 shows a highly schematic cross section through an aeroengine 
to be repaired. 

DETAILED DESCRIPTION 

[0018] The method according to the invention for maintenance and servicing, 
in particular repair, of gas turbines will be described in greater detail, using the 
example of an aeroengine, with reference to Figures 1 to 4. 

[0019] Figure 1 shows an embodiment of a highly schematic signal flowchart 
or block diagram of the method according to the invention. Figure 1 thus shows 
the disassembly, repair and subsequent assembly of the aeroengine. Figure 2 
shows a more detailed block diagram relating to the actual repair of modules 
and/or assemblies and/or individual parts of an aeroengine, while Figure 3 shows 
a more detailed block diagram of one specific repair line. 

[0020] As is shown in Figure 1, an aeroengine to be maintained is 
disassembled or broken down into modules and/or assemblies and/or individual 
parts in a first step 10. Step 10 is preferably preceded by cleaning of the aircraft 
engine. 

[0021] Disassembly of the aircraft engine in accordance with step 10 is 
followed by a step 11, in which the modules and/or assemblies and/or individual 
parts of the aircraft engine are inspected and/or repaired. If the inspection 
process in step 11 finds that a module and/or an assembly and/or an individual 
part of the aircraft engine is not damaged, then, of course, it is not repaired. 
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[0022] The inspection and possible repair in the step 11 is followed in a step 
12 by an aircraft engine being assembled. During the process of assembling the 
aircraft engine, an aircraft engine is assembled from inspected and/or repaired 
and/or new modules, assemblies and/or individual parts. Specifically, if it is 
found in the inspection in step 11 that a module, an assembly or an individual 
part of the aircraft engine can no longer be repaired, it is replaced by a new or 
as-new module, assembly or individual part, 

[0023] The present invention in this case relates primarily to the repair of the 
modules, assemblies or individual parts of aircraft engines in the sense of step 
11, and is independent of the disassembly and assembly. 

[0024] According to the invention, the repair is subdivided into at least two 
repair steps, with modules and/or assemblies and/or individual parts to be 
repaired of at least one gas turbine being moved through repair stations in order 
to move the modules and/or assemblies and/or individual parts of the or each gas 
turbine to repair stations adapted for this purpose in order to carry out the 
repair steps. The modules and/or assemblies and/or individual parts to be 
repaired accordingly do not remain at one location or at one position, but are in 
fact moved through different repair stations, with their location being changed. 
Accordingly, it is within the scope of the invention for the maintenance or repair 
of aircraft engines to make use of the so-called conveyor belt principle for the 
first time. 
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[0025] Figure 1 illustrates and visualizes the subdivision of the repair 
according to step 11 into different repair steps. Once an aircraft engine has been 
broken down into modules, assemblies or individual parts in step 10, a module, 
assembly or individual part to be repaired is then subjected to repair steps 13, 
14, 15, 16, 17, 18 and 19. In order to carry out the repair steps 13 to 19, the 
module, assembly or individual part is moved through repair stations, which are 
arranged in succession, on a specific cycle. Each of the repair stations is matched 
to the repair step to be carried out, such that tools and materials which are 
required for the work are provided at the repair station. 

[0026] In the exemplary embodiment illustrated in Figure 1, the repair step 
13 is a cleaning step for the module, assembly or individual part to be repaired. 
A crack test is carried out in the repair step 14, and welding work is carried out 
in the repair step 15 on the module, assembly or individual part to be repaired. 
Grinding work is carried out in the repair step 16, assembly work is carried out 
in the repair step 17, and drilling work on the module, assembly or individual 
part to be repaired is carried out in the repair step 18. In the illustrated 
exemplary embodiment, a final check of the repaired module, assembly or 
individual part is carried out in the repair step 19. 

[0027] The individual repair steps 13 to 19 as well as the repair stations 
provided for this purpose define a clear process structure, and thus form a repair 
line. The sequence of the repair steps to be carried out is clearly defined and 
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specified. Crossings and intersections in the process chain or repair Une are 
avoided by means of the method according to the invention. 

[0028] It is within the scope of the invention for the modules and/or 
assemblies and/or individual parts to be repaired to be moved through a repair 
line as shown in the block 11, which line is defined by the repair steps 13 to 19, 
as in the block 11, on a predetermined cycle. The cycle is in this case preferably 
matched to the repair steps to be carried out in the respective repair line. 

[0029] As can be seen from Figure 1, in addition to the repair steps 13 to 19 
which are combined in one repair line and are carried out in repair stations 
which are arranged in succession, central repair steps 20, 21 can be carried out 
in central repair stations provided for this purpose, away from the repair line. 
The central repair stations are preferably used to carry out those central repair 
steps which are time-consuming and should not govern the cycle of a repair line. 
By way of example, these may be heat treatment processes, washing processes or 
electroplating processes. These central repair steps 20, 21 are carried out 
decoupled from the repair line, independently of the repair line and 
independently of the cycle of a repair line. This improves the stability of the 
overall repair method. 

[0030] Figure 2 illustrates the method according to the invention in greater 
detail. Figure 2 thus once again shows the step 10 of disassembly of aircraft 
engines into modules and/or assemblies and/or individual parts. As already 
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mentioned, step 10 is preceded by cleaning of the aircraft engines, with the 
aircraft engines being cleaned as one unit in this case. 

[0031] A step 22 is provided after the step 10 and before the actual repair in 
the sense of step 11, in which the modules and/or assemblies and/or individual 
parts are subjected to an inspection. This inspection results in the modules 
and/or assemblies and/or individual parts to be repaired being passed to one of 
the repair lines 23, 24 or 25 illustrated in the exemplary embodiment shown in 
Figure 2. The decision as to which of the repair lines 23, 24 or 25 a module, an 
assembly or an individual part to be repaired will be supplied to is mainly 
determined by the repair work to be carried out. 

[0032] By way of example, in the exemplary embodiment shown in Figure 2, 
the repair line 23 is a coating-intensive repair line, the repair line 24 is a 
welding-intensive repair line and the repair line 25 is a non-welding-intensive 
repair line. In addition to the repair lines mentioned by way of example here, 
further repair lines may, of course, be provided, for example a repair line for fan 
modules, fan-case modules or their assemblies or individual parts, a repair line 
for compressors, or a repair line for slightly damaged modules, individual parts 
or assemblies. 

[0033] Each of the repair lines 23, 24 and 25 comprises two or more repair 
steps to be carried out in succession. In the repair line 23, a total of five repair 
steps 26, 27, 28, 29 and 30 are carried out in succession. In the repair line 24 and 
in the repair line 25, three repair steps 31, 32 and 33, as well as 34, 35 and 36, 
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respectively, are carried out in succession. The number of repair steps is purely 
exemplary and may, of course, be varied. 

[0034] In order to carry out the respective repair steps, the modules, 
assemblies or individual parts to be repaired are moved through repair stations, 
which are arranged in succession, in the respective repair lines 23, 24 and 25. 
Each of the repair lines operates on a predetermined cycle, although the cycles 
for the individual repair lines may differ from one another. 

[0035] Figure 2 also once again shows two central repair steps 37 and 38, 
which are carried out away from the respective repair lines 23, 24 and 25. One 
central repair station is once again provided for each central repair step 37, 38. 
The central repair stations may be supplied from all of the repair lines 23, 24 
and 25 with modules and/or assemblies and/or individual parts to be repaired. 
This depends, of course, on whether the central repair steps to be carried out in 
the respective central repair station are of importance for a specific component 
to be repaired. Once a module, an assembly or an individual part to be repaired 
has been transferred from a repair line to a central repair station, the same 
component is returned, once the appropriate central repair step has been 
completed, to the repair line from which it was removed. 

[0036] Once the repair has been carried out, the modules and/or assemblies 
and/or individual parts are subjected to a final inspection, in the sense of a step 
39, to determine whether the repair has been carried out successfully. 
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[0037] At this point, it should be noted that the method according to the 
invention allows modules and/or assemblies and/or individual parts of widely 
differing types of aircraft engines to be repaired on the basis of the conveyor belt 
principle. The aircraft engines whose modules can be maintained and repaired 
by the method according to the invention are production engines and are familiar 
to the appropriate person skilled in the art in this case. By way of example and 
in a highly schematic form, Figure 4 shows modules or assemblies of an aircraft 
engine 40 to be repaired. The aircraft engine 40 shown in Figure 4 has a main 
fan rotor module 41, a fan case module or fan module 42, a low-pressure turbine 
module 43, a high-pressure turbine module 44 and a high-pressure compressor 
module 45, whose assembUes comprise a high-pressure compressor 46 and a 
combustion chamber 47. 

[0038] The structuring of the repair into repair lines, with the modules and/or 
assemblies and/or individual parts to be repaired being moved step by step 
through repair stations, which are arranged in succession, within the repair 
lines, results in a clear process structure. The times which are required for 
maintenance or repair of an aircraft engine can be planned better. Other parts 
can be included in the method according to the invention. The method according 
to the invention operates on a "first come, first served" principle. This means 
that a component which is the finish to be moved into the area of a specific repair 
station or central repair station is also the first to be worked on. Since the 
number of repair steps of each module, assembly or individual part to be 
repaired may vary depending on its state, this means that, of course, a 
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component which has been passed to a repair hne after another component may 
leave the repair line again before this component. The method according to the 
invention accordingly does not operate on a "first in, first out" principle. This 
considerably improves the effectiveness of the repair of aircraft engines. 

[0039] Figure 3 shows a block diagram of one specific repair line. By way of 
example, a total of fourteen repair stations 2a to 9 are arranged in succession in 
the exemplary embodiment shown in Figure 3, with modules and/or assemblies 
and/or individual parts of aircraft engines to be repaired being moved in the 
direction of the arrows through the repair stations 2a to 9, to be precise 
depending on whether a module, assembly or individual part to be specifically 
repaired need be subjected to the repair step to be carried out in the respective 
repair station. Accordingly, a module, assembly or individual part to be repaired 
need not pass through all the repair stations. 

[0040] The nomenclature for the repair stations shown in Figure 3 shows that 
only eight of the fourteen repair stations 2a to 9 are used for carrying out 
different repair steps. For example, the repair stations 2a, 2b as well as 3a, 3b 
and 4a, 4b etc. are each used to carry out an identical repair step. Two or more 
identical repair stations are accordingly provided for some of the repair steps in 
one repair line. Accordingly, it is possible to carry out the same repair steps at 
the same time on different modules and/or assemblies and/or individual parts of 
different aircraft engines within one repair line. This ensures that the repair line 
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cycle can be maintained even when a longer working time is required for some of 
the repair steps. 

[0041] In addition to the repair stations 2a to 9, Figure 3 shows further 
workstations. The workstations annotated FPI are used for optical crack testing 
on the modules and/or assemblies and/or individual parts to be repaired. The 
workstation annotated STR is a blasting system, in which surface processing can 
be carried out. The workstations which are annotated EXP are used to enlarge 
the diameter of the modules and/or assemblies and/or individual parts to be 
processed. The stations shown in the left-hand area of Figure 3, and which are 
annotated TWKl, TWK2 and TWK3, are used for carrjdng out any disassembly 
work which may be required on modules and/or assemblies of the different types 
of aircraft engines. Furthermore, Figure 3 shows a washing station for cleaning 
of modules and/or assemblies and/or individual parts, which is annotated WAS. 
Furthermore, an input buffer zone, which is not shown, may be provided as a 
buffer for modules, assemblies or individual parts which have been passed to the 
repair line. Areas may also be provided with stations for carrying out welding, 
drilling, assembling, measurement or adjustment tasks, A welding station is 
annotated SCHW. 

[0042] For the first time, the invention proposes that a so-called conveyor belt 
principle be used for the repair, maintenance or servicing of aircraft engines. 
This overcomes the previous prejudice, which is known from the prior art, that a 
conveyor belt principle is not suitable for maintenance work or repair work. 
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[0043] The foregoing disclosure has been set forth merely to illustrate the 
invention and is not intended to be limiting. Since modifications of the disclosed 
embodiments incorporating the spirit and substance of the invention may occur 
to persons skilled in the art, the invention should be construed to include 
everything within the scope of the appended claims and equivalents thereof. 
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